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2.1 ????????
?????????????????????????????????
 ??????????????????
 ????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????? [4]???????????????????
u(t  ?t) = 1

Z t
t 
u(x)dx (2.1)
u(x):?? x?????????????????
(t  ; t):????
u(t  ; t):?????
????? 2.1????????0?? T??? 20?????????8?????????
???????????? 0?? T??????????????? 820  100 = 40? ????
?????????????????????? (100)? (40)=60?????
??????????????????????????????????????????
????????????
? 2? ???????????????
????? 2.2?????????? i???????????? t0 ?????? 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i (t0)??????????? Ci????????? u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Ai  Ci(1  ui) (2.2)
???????????????????? H ? End-to-End???????
Ai  min
i=1:::H
Ci(1  ui) (2.3)
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???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????
?????????????????VPS(Variable Packet Size Probing)???PPTD(Packet-
Pair/Train Dispersion)???SLoPS(Self Loading Periodic Streams)???????????
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RTTn(P ) =
nX
i=1
(
P + Picmp
Bi
+ Li +Qi) (2.4)
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RTTn(P ) =
nX
i=1
(
1
Bi
) P +A (2.5)
A:??????
?????????
nX
i=1
(
1
Bi
)????????????????????????
VPS??????????????????????? IP???????????????
????? (Invisible node) ?? TTL ?????????????????????????
????????? RTT????????????????????????????????
?????????????????????
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T 2n   T 1n =
P
Bn
(2.6)
???????????????????????????????????????????
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?????????????????
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??x = RTTi,y = RTTi+1 ?????RTT????? xy ??????????
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? 2.10 ?????????????????????????????????? RTT??????
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RTTi+1  RTTi = (ri+1   si+1)  (ri   si)
= (ri+1   ri)  (si+1   si) (2.7)
????????????? si+1   si ?????  ??????????? ri+1   ri ????
???????????????????????????????????????????
??? ri+1   ri >= P=?????????
RTTi+1  RTTi >= P=   (2.8)
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?????????? 2.11???????????????????????????????
???????????????? RTT?????????????????????????
?????????????????????????? RTT?????????
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?????????????????????????????? RTT?? RTT?????
???? y = x+ P=   ? y ???? b??????P=   = b???????? ???
???????????????????????????????????????????
????????????????????? y ???? b ????????????????
???????????????????????????????????????????
?????????????????????????RTT???????? 50??? 100
???????????????  ?????????????  ????? ?  = P= ??
???????????????????????????? RTT???????? 50??
? 100?????????????????? y >= x+ P=   ??? y = x????????
????????????????????????????????? ?????????
 =
n 1X
i
Di=(n  1) (2.9)
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Di =

1 if RTTi+1 ? RTTi
0 otherwise
(2.10)
(2.9) ?? RTT ?????????????????NEPRI ??  ? 0.8 ???????
????????????????????????????????????? SLoPS???
???????????????????????????????? 2.12????
? 2.12 NEPRI???????
????????????????????????? NEPRI?????10Mbps????
???????????????????????????????????????????
???????????????????????? 2.13?????????????????
????????????????????RTT????????????????????
????????????
??????????????????????i ???????????????????
???????????????i ??????????????? RTT ?????????
??i + 1 ?????????????????????????? RTT ?????????
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2.2 ?????????
? 2.13 ??????????? RTT???
??????????????????????????? RTTi + 1 < RTT ???????
RTT????????
???????????? i????????????????????????? i????
????????????? RTT?????????????i+ 1????????????
?????????? RTT???????????????????????????????
???????? RTTi+ 1? RTT ??????? RTT????????
????????????????????????????????????i??????
??????????????????????????? RTT?????????????
??????????????????????????????????????????P
in 1RTTi ? 0?????????
?????????????????????????? NEPRI????????????
??? RTT?????????????????
P
in 1RTTi ????????????
??????RTT??????????
0 =
n 1X
i
RTTi (2.11)
???????????????100Mbps????????????????????????
? [18]??????????????????????????????????? Pathload?
pathChirp??????? (?? A)????????????????? NEPRI??????
????????????
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? 3?
???????????
??????????????? NEPRI ??????????????? 100Mbps ???
??????????????????????????????????????????
NEPRI???? 1Gbps????????????????????????????????
???????????
3.1 ????
????? 1Gbps? Ethernet????????????????????????????
??????????????????????????NEPRI??????????????
?????????????????????????????????????? NEPRI?
???????????????????????????????????????????
3.1????????????????? 3.1????
? 3.1 ??????????
? 3? ???????????
? 3.1 ???????
CPU ??? OS
???
Interl core2 Duo
4300 1.8GHz 1.5GB Ubuntu10.04
???????
? NEPRI
Intel core2 quad
Q8400 2.66GHz 4GB Ubuntu10.04
??????
Intel corei3
M370 2.4GHz 3GB
Windows7
professional
3.2 ????
????????????1Gbps???????????????????????????
??????????????????UDP ?????????????? Iperf[20] ????
????????????????????????????????????? NEPRI??
????????????????????????????????????? 1Gbps???
????????????????????????????????????????????
????????????????? n? 21???????????? 5000bit???????
???????????????????????????????????????????
????????????????????????? (1)2/3???RTT?????????
??????(2)?????(3)3/2???RTT??????????????????????
10????????????????????????????????? 3.2???????
???????? 500Mbps????????????????? 3.2????
? 3.2 ??? NEPRI??????? [Mbps]????? 1Gbps
????? 100 200 300 400 500 600 700 800 900 1000
???? 34.1 196.0 281.4 403.6 579.5 762.8 888.2 1003.7 1003.2 1000.6
???? 17.0 192.9 166.4 167.1 186.2 177.9 124.9 50.5 56.1 2.9
? 3.2???????????? 400Mbps???????????????????????
???????????????????????????????????????????
????????????????????????????????????? 3.2?????
???????????????????????????????????????????
??????????????????????????
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3.3 ?????????
? 3.2 ??????500Mbps????????
3.3 ?????????
??????????? NEPRI ???????????????????????????
??????????????????????????????????????????
3.3.1 RTT????????
NEPRI??????????RTT??????????????????????????
?????????????RTT ???????????????????????????
?????????????200Mbps?700Mbps?????????????????????
?????????????????????????????????????? RTT ??
???????????????????????????????????????????
???????????????? 600Mbps?????????RTT??????? xy ??
???????? 2.11???? RTT??????????????????????????
??????????????? 400Mbps?600Mbps?900Mbps????????? 3.3?3.4?
3.5??????????????????????????????????????????
???????????????????? 3???????????????????????
???????? 3.3?3.4?3.5 ????????????????????y ? x ????
???????????????????????? 3.3?????????????????
???????????? 2.10???? RTT??????????????????????
RTT?????????????????????????????????????????
???????????????????????????????????????????
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? 3? ???????????
?????? RTT ??????????????????????????????????
?????????????????????????? RTT????????
P
in 1RTTi
????????????????RTT?????????????????????????
????
? 3.3 ???? 600Mbps????? 400Mbps???????????? RTT?????
? 3.4 ???? 600Mbps????? 600Mbps???????????? RTT?????
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3.3 ?????????
? 3.5 ???? 600Mbps????? 900Mbps???????????? RTT?????
3.3.2 ?????????????
??????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????????
??????????????
??????????????????????????????? 100Mbps ???????
?????? RTT ???????????RTT ????????????????????
??????????????? 3.1 ???????????????????? 100Mbps ?
???????????????????????????????????RTT ?????
???????????????????????????????????????????
150Mbps?66Mbps??????? 10??????????RTT?????????????
?? 3.6?3.7????
???????? 3.6?3.7???????y ? x????????? RTT????????
???????????? RTT ???????????????????? 3.6 ??????
???????? 3.7?????????????RTT??????????????????
????????????????????????????????????????????
RTT?????????????????????? 3.7?????????????????
RTT?????????????????????????????????????????
??????????????????????????
???????????????????????????????? 3.1????????
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? 3? ???????????
? 3.6 ??????100Mbps??? 150Mbps???????????
? 3.7 ??????100Mbps??? 66Mbps???????????
????????? 1Gbps???????????????????????????????
1500Mbps?660Mbps????????????? 10??????????RTT??????
????????? 3.8?3.9????
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3.3 ?????????
? 3.8 ??????1Gbps??? 1500Mbps???????????
? 3.9 ??????1Gbps??? 660Mbps???????????
??????????????????? RTT??????????????? RTT???
? y ? x???????????????????????????????????????
????????????????????? 100Mbps ?????????????????
???????????????????????
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? 3? ???????????
??????????????
???????????????????????????????????????????
??????????? 100Mbps?????????????? 50Mbps?????????
??? 33Mbps?75Mbps ?????? RTT ??????????????????????
????????? 1Gbps?????????????? 500Mbps????????????
330Mbps?750Mbps????100Mbps???????? 3.10?3.11??1Gbps???????
? 3.12?3.13????
? 3.10 ??????100Mbps????????? 50Mbps??? 75Mbps???????????
? 3.11 ??????100Mbps????????? 50Mbps??? 33Mbps???????????
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3.3 ?????????
? 3.12 ??????1Gbps????????? 500Mbps??? 750Mbps???????????
? 3.13 ??????1Gbps????????? 500Mbps??? 330Mbps???????????
??????????????????????????????????????????
???????????????? 3.11 ????????????????????????
RTT??????????????????????? 3.12?3.13 ????????????
?? 1Gbps??????????????????RTT?????????????????
???????????????????????????????????????????
??????????????????????????
3.3.3 ??????????????
??????????????????????Wireshark[21]?????????????
???????????????????????????????????????????
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? 3? ???????????
?????????????????????
Wireshark ????????????????????????????????????
? 3.3?3.4 ????? 3.3 ???????????? 100Mbps ?????????????
150Mbps?????????RTT???????????????????????? 3.4?
??????????? 1Gbps????????????? 500Mbps?????????RTT
?????????????????????????????????????? Time??
?????????????????????????? request ???? request ?????
????????? request ???? reply ???????????????????????
????? sec??????????Infomation?????????????????????
??????????????? request??????????????? reply???????
??????
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3.3 ?????????
? 3.3 ????? 100Mbps???? 150Mbps???????????????
No Time Infomation ???? ????
81 0.110548 "Echo (ping) request????=0/0, ttl=64)"
82 0.000033 "Echo (ping) request????=256/1, ttl=64)" 0.000033
83 0.000035 "Echo (ping) request????=512/2, ttl=64)" 0.000035
84 0.000048 "Echo (ping) request????=768/3, ttl=64)" 0.000048
85 0.000024 "Echo (ping) request????=1024/4, ttl=64)" 0.000024
86 0.000035 "Echo (ping) request????=1280/5, ttl=64)" 0.000035
87 0.000035 "Echo (ping) request????=1536/6, ttl=64)" 0.000035
88 0.000035 "Echo (ping) request????=1792/7, ttl=64)" 0.000035
89 0.000034 "Echo (ping) request????=2048/8, ttl=64)" 0.000034
90 0.000034 "Echo (ping) request????=2304/9, ttl=64)" 0.000034
91 0.000034 "Echo (ping) request????=2560/10, ttl=64)" 0.000034
92 0.000035 "Echo (ping) request????=2816/11, ttl=64)" 0.000035
93 0.000025 "Echo (ping) reply ????=0/0, ttl=64)" 0.000407
94 0.00001 "Echo (ping) request????=3072/12, ttl=64)" 0.000035
95 0.000026 "Echo (ping) reply ????=256/1, ttl=64)" 0.00041
96 0.000009 "Echo (ping) request????=3328/13, ttl=64)" 0.000035
97 0.000035 "Echo (ping) request????=3584/14, ttl=64)" 0.000035
98 0.000013 "Echo (ping) reply ????=512/2, ttl=64)" 0.000432
99 0.000027 "Echo (ping) request????=3840/15, ttl=64)" 0.00004
100 0.000023 "Echo (ping) reply ????=768/3, ttl=64)" 0.000434
101 0.000007 "Echo (ping) request????=4096/16, ttl=64)" 0.00003
102 0.000035 "Echo (ping) request????=4352/17, ttl=64)" 0.000035
103 0.000014 "Echo (ping) reply ????=1024/4, ttl=64)" 0.000466
104 0.000023 "Echo (ping) request????=4608/18, ttl=64)" 0.000037
105 0.000034 "Echo (ping) request????=4864/19, ttl=64)" 0.000034
106 0.000003 "Echo (ping) reply ????=1280/5, ttl=64)" 0.000491
107 0.000037 "Echo (ping) request????=5120/20, ttl=64)" 0.00004
108 0.000013 "Echo (ping) reply ????=1536/6, ttl=64)" 0.000506
109 0.000056 "Echo (ping) reply ????=1792/7, ttl=64)" 0.000527
110 0.000056 "Echo (ping) reply ????=2048/8, ttl=64)" 0.000549
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? 3? ???????????
? 3.4 ????? 1Gbps???? 500Mbps???????????????
No Time information ???? ????
63 0.50028 "Echo (ping) request????=0/0, ttl=64)"
64 0.000017 "Echo (ping) request????=256/1, ttl=64)" 0.000017
65 0.000012 "Echo (ping) request????=512/2, ttl=64)" 0.000012
66 0.000012 "Echo (ping) request????=768/3, ttl=64)" 0.000012
67 0.000012 "Echo (ping) request????=1024/4, ttl=64)" 0.000012
68 0.000012 "Echo (ping) request????=1280/5, ttl=64)" 0.000012
69 0.000013 "Echo (ping) request????=1536/6, ttl=64)" 0.000013
70 0.000022 "Echo (ping) request????=1792/7, ttl=64)" 0.000022
71 0.000007 "Echo (ping) request????=2048/8, ttl=64)" 0.000007
72 0.000011 "Echo (ping) request????=2304/9, ttl=64)" 0.000011
73 0.000011 "Echo (ping) request????=2560/10, ttl=64)" 0.000011
74 0.000014 "Echo (ping) request????=2816/11, ttl=64)" 0.000014
75 0.000011 "Echo (ping) request????=3072/12, ttl=64)" 0.000011
76 0.00001 "Echo (ping) request????=3328/13, ttl=64)" 0.00001
77 0.000011 "Echo (ping) request????=3584/14, ttl=64)" 0.000011
78 0.000007 "Echo (ping) reply ????=0/0, ttl=64)" 0.000182
79 0.000005 "Echo (ping) request????=3840/15, ttl=64)" 0.000012
80 0.000008 "Echo (ping) reply ????=256/1, ttl=64)" 0.000178
81 0.000003 "Echo (ping) reply ????=512/2, ttl=64)" 0.000169
82 0.000002 "Echo (ping) request????=4096/16, ttl=64)" 0.000013
83 0.000002 "Echo (ping) reply ????=768/3, ttl=64)" 0.000161
84 0.000003 "Echo (ping) reply ????=1024/4, ttl=64)" 0.000152
85 0.000005 "Echo (ping) reply ????=1280/5, ttl=64)" 0.000145
86 0.000002 "Echo (ping) request????=4352/17, ttl=64)" 0.000012
87 0.000002 "Echo (ping) reply ????=1536/6, ttl=64)" 0.000136
88 0.000003 "Echo (ping) reply ????=1792/7, ttl=64)" 0.000117
89 0.000003 "Echo (ping) reply ????=2048/8, ttl=64)" 0.000113
90 0.000003 "Echo (ping) request????=4608/18, ttl=64)" 0.000011
91 0.000001 "Echo (ping) reply ????=2304/9, ttl=64)" 0.000106
92 0.000011 "Echo (ping) request????=4864/19, ttl=64)" 0.000012
93 0.000012 "Echo (ping) request????=5120/20, ttl=64)" 0.000012
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3.4 ??
???????? 3.3?3.4?? request?????????????????????????
?????????????????????????????? 3.4???????????
???????????????????????????????????????????
??????????????????????????????????
???????????????????????????????????????????
??????????????? 3.3??????????????????????????
????????????? 3.4????????????????????????????
?????????????????????????????????????? 3.3???
???????????????????? 3.4?????????????????????
????????????????
3.4 ??
???????????RTT?????????????????????????????
??????????????? RTT??????????????????????????
??????????
RTT????????????????? 2.9?????????????????????
???????????????????????????????????????????
?????????????????????????????? LAN ??????????
?????????????????????? FIFO(First-In First-Out)?????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????? NEPRI???????????????????????? ICMP????
????????????? [19]?IP????????????ICMP? UDP?TCP????
???????????????????????????????????????????
???????(? 3.14)
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? 3? ???????????
? 3.14 ?????????
??? RTT?????????????????????????????????????
??????????????????????????????????????????
?????????? ICMP? UDP??????????????????????????
??????????????????????????????????????? 3.15??
??????????????????????????
? 3.15 ??????????????????????
???NEPRI????????????????????????????????????
????? RTT????????????????????????????????????
????????????????????????????????????????????
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3.4 ??
??????????????????????????? (?????????)???????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????
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? 4?
?????????????
??????????????????????????????????  ???????
???????????????????????????????????????????
????????? RTT ???????????????????RTT ????????
RTT?????????????????????????????????????????
???????????????????????????????  ???????????
?????
NEPRI??????????????????????????????  ???????
??????????????????????? ? (??????? P)/(????????
) ??????????????  ?????????????  ????????????
?????? P ???????????????????????????????????
?????? P ???????????
4.1 ???????????????????????
????????????????????????????????? P ???????
?????? NEPRI???????????????????????????? 3????
??????????????????????????????? 5000bit ?? 25000bit ?
? 5000bit??????????????????????????????????????
?????????????????? (1)2/3 ???????????????(2) ?????
(3)3/2???????????????????? 10???????????????????
???????????????? 5000bit?????????? 3???????????
??????? 4.1?4.5????????????????????? 500Mbps?????
?????? 4.1?4.5????
? 4? ?????????????
? 4.1 ????????5000bit?????? [Mbps]
????? 100 200 300 400 500 600 700 800 900 1000
???? 34.1 196.0 281.4 403.6 579.5 762.8 888.2 1003.7 1003.2 1000.6
???? 17.0 192.9 166.4 167.1 186.2 177.9 124.9 50.5 56.1 2.9
? 4.1 ??????? 5000bit????? 500Mbps????????
? 4.2 ????????10000bit?????? [Mbps]
????? 100 200 300 400 500 600 700 800 900 1000
???? 27.7 118.9 232.5 296.3 493.0 636.4 829.4 947.7 1048.9 1201.3
???? 16.3 42.1 114.9 91.7 141.0 179.3 103.7 113.7 109.2 207.1
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4.1 ???????????????????????
? 4.2 ??????? 10000bit????? 500Mbps????????
? 4.3 ????????15000bit?????? [Mbps]
????? 100 200 300 400 500 600 700 800 900 1000
???? 33.2 160.4 235.5 344.1 476.9 630.0 719.7 875.3 961.3 1014.3
???? 10.6 52.9 64.4 72.5 78.8 71.7 96.3 57.3 41.1 49.5
? 4.3 ??????? 10000bit????? 500Mbps????????
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? 4? ?????????????
? 4.4 ????????20000bit?????? [Mbps]
????? 100 200 300 400 500 600 700 800 900 1000
???? 32.9 145.8 254.6 337.1 449.2 609.4 744.2 846.1 870.0 923.9
???? 10.8 89.6 46.0 62.4 124.3 47.7 56.1 63.5 128.1 30.7
? 4.4 ??????? 20000bit????? 500Mbps????????
? 4.5 ????????25000bit?????? [Mbps]
????? 100 200 300 400 500 600 700 800 900 1000
???? 34.2 134.3 227.5 331.7 424.3 543.2 634.5 747.4 838.2 899.3
???? 10.9 36.2 41.6 21.5 31.7 70.3 86.0 38.3 30.4 78.1
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4.2 ?????????
? 4.5 ??????? 25000bit????? 500Mbps????????
??????????????????????????????????????????
?????????????????? 4.3????????????????????????
????????????
???????? 3 ?????????????????Ethernet ??????????
Ethernet?MTU?Maximum Transfer Unit???????????????? 1500(byte)?
????????????????????????????????? 3.14????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????? ICMP????????
???????????????????????????????????????????
10000bit?? 15000bit??????????????????????
4.2 ?????????
?????????????????????????????????? RTT??????
???????????
1. ???????????????????????
???????????????????????RTT?????????????
2. ????????????????????????????
?????????????????????????????????????????
?????????? RTTi+1 ??? RTTi ?????????????????????
????????????RTT???????????
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? 4? ?????????????
??????????????????????????????????? RTT?????
??????
P
RTT????????????????????????????????
????????????????RTT??????????????
P
RTT??????
???????????
???????????
P
RTT????????? RTT???????????????
???????????????????????????????????????????
?? RTT??????????????????
P
RTT????????????????
???????????? th????
P
RTT?????????????RTT??????
????????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????RTT????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????? 4.6????????????????
? 4.6 ???????????
???????? th?????????????????????????????? RTT
???????????????????????????????????????????
?????????????RTT???????????????????
P
RTT????
?? 4.6?????????????????
P
RTT?????? 4.7????
{ 40 {
4.2 ?????????
? 4.6 RTT????????????????????RTT????
??? (bit) 5000 10000 15000 20000 25000
??????? ? ? ? ? ? ? ? ? ? ?
? RTT(ms) 0.052 -0.03 0.07 -0.046 0.074 -0.058 0.124 -0.074 0.187 -0.05
? 4.7 RTT??????????????????????? RTT????
??? (bit) 5000 10000 15000 20000 25000
??????? ? ? ? ? ? ? ? ? ? ?
?RTT(ms) -0.03 0.036 -0.051 0.044 -0.02 0.033 -0.006 0.018 ???? 0.03
?????????????????????????????????????????
????????????????RTT ???????????????????????
?? 15000bit ??????
P
RTT ?????????????????????????
20000bit?????
P
RTT?????????????????????????????
???????????????????????????????????????????
??????????????????????????
??????????????? th????-0.04? th? 0.1??????????????
4.6???? RTT?????????????????
P
RTT?????????????
??????? 20000bit?????????????????????? 4.6?? 4.7????
RTT?????????????????????????????????????????
????????????????
???? th????????????????? 5000bit??????? 500Mbps????
??? 4.6???????????????????????????? 5000bit???20??
????????? 4.8????
? 4.8 ??????500Mbps???????????????????????????
????????? (bit) 25200
??????? (Mbps) 492.3
???????????????????????????????????????????
??????????????
P
RTT?????????????????????????
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? 4? ?????????????
4.3 ????????????
??????????????????????????????????????????
???????????????????????????????????????????
???????????????ICMP?????????????????????????
???????????????????????????????????????????
??????????????????????????? RTT??????????????
???????????? 3??????????????????????? stress[22]??
???CPU?IO????????????????????????? RTT?????????
stress ????????????????????????????????????????
???????CPU?????????? sqrt()??IO?????????? sync()????
??????????? malloc()? free()??????????????????? write()?
unlink()?????????fork()????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????? 2????
??????????????????????????100Mbps?????????????
??5000bit ????????????????1Gbps?????????????? 25000bit?
???????????????????????????????????????? (1)2/3
????? (2)???? (3)3/2?????????????? 10?????????????
??????????????CPU????? fork()?? 8??????????? fork()?
? 4??????????????????????????????????? 4.9?4.10??
????????
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4.3 ????????????
? 4.9 ????????5000bit?????????????????? [Mbps]
??? ????
???? 95.5 1.3
CPU?? 95.3 1.6
IO?? 95.1 4.3
????? 95.6 2.1
????????? 95.4 4.3
? 4.10 ????????25000bit?????????????????? [Mbps]
??? ????
???? 842.9 134.6
CPU?? 874.9 78.4
IO?? 895.1 21.6
????? 911.7 18.8
????????? 842.9 134.6
??????????????????????????RTT??????????????
???????????????????????????????????????????
???????????????????????????????
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? 5?
??
5.1 ???
??????????????????????????????????????????
??????????????????????????????????????????
RTT???????????????????????? NERPI?????????????
??????????
?????? NEPRI???? 1Gbps?????????????????????????
???????????????????????????????????????????
???? RTT?????????????????????????RTTi? RTTi+1???
?????????????? RTT????????????Wireshark??????????
?????????????????????????????????????????  ?
??????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????
P
RTT?????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????
5.2 ?????
???????????????
 ?????????
?????????????????????????????????????????
??????????????????????????????????
P
RTT???
???????????????????????????
 ???????
??????????????????????????RTT?????????????
? 5? ??
?????????????????????????????????????????
????????????????
 ???????????????????????????
???????????????? Iperf???????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
 ????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????ICMP?????????????????????
???????????????????????????
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??
??????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????
2012? 2? 6?
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??A
????????
A.1 ????
NEPRI??????? A.1???????? A.1????????Pathload? pathChirp?
?????? A.2???????? A.2????
? A.1 NEPRI?????????
? A.2 Pathload?pathChirp?????????
Pathload?pathChirp?NEPRI ???????????????????????????
? A.1 ??????? (NEPRI)
CPU ??? OS
??? Pentium? 750MHz 512MB Vinelinux3.1(kernel2.4)
?????? Pentium? 1GHz 384MB Vinelinux3.1(kernel2.4)
??????? Pentium? 650MHz 128MB Vinelinux3.1(kernel2.4)
?????? Pentium? 700MHz 128MB Vinelinux3.1(kernel2.4)
?? A ????????
? A.2 ??????? (Pathload?pathChirp)
CPU ??? OS
??? Pentium? 750MHz 512MB Vinelinux3.1(kernel2.4)
???????????? Pentium? 650MHz 128MB Vinelinux3.1(kernel2.4)
?????? Pentium? 700MHz 128MB Vinelinux3.1(kernel2.4)
? A.3 ???????????
Pathload pathChirp NEPRI
????? UDP ICMP
???????
??????
(?? 1472(byte)) 1250byte
???? 10? ???? 30? 10?
???? 11 ???????? 100 11
???????????? 100Mbps ??????????????????????????
10?100[Mbps] ????????????????????????????????? A.3?
?????????????????????????? UDP??????????????
?????? Iperf???????????
A.2 ????
A.2.1 ????????
??????????????? A.4?? A.3????
3 ?????????????????????????????????????????
? A.4 ???????????????
????? [Mbps]
10 20 30 40 50 60 70 80 90 100
Pathload 4.3 14.4 22.8 34.2 43.6 54.6 64.5 75.9 86.1 96.5
pathChirp 6.2 20.6 28.4 40.8 59.2 81.4 90.2 97.4 97.1 93.5
NEPRI 5.3 15.9 26.0 36.7 47.5 59.2 69.3 81.2 90.7 98.9
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A.2 ????
? A.3 ???????????
?????????pathChirp ????????????????????????????
??10?40[Mbps]??????????????????????????????? 50Mbps
??????????????????????????????????????????
Pathload?NEPRI???????????????????????????????????
?????????
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?? A ????????
A.2.2 ??????????
????????????????????????????????????????
? A.5 ??????????????
Pathload pathChirp NEPRI
????
???? 7Mbps
?
??????????
?
????? 5Mbps??
?
????????
0.457
?
4.49
?
0.998
?
????
?????? 20?
?????????? 7?
?
1??? 1?????
?
????? Pathload
?????????
?????????? 5?
?
????????
(*1)
40.93
?
18.49
?
11
?
????????
??? (*2)
430
?
4.93
?
15.7
?
?????????
??????? (*3)
0.793
?
0.0157
?
0.0299
?
(*1)???????????????????????????????? KB
(*2)??????????/????????? kbps
(*3)????????????/????????????? 10?100[Mbps]?????????
????????
 ???????????????
 ???????? NEPRI?Pathload?? 1????????pathChirp????????
??????????????????????????????????????
 ???? pathChirp????????????????????????????????
?????????????????? NEPRI???????????????????
 ?????????????????????????????????????????
?????????????????????????????????????????
?????????Pathload????????????????????????????
?????????????????????????????????? Pathload???
??????????????????????????????? Pathload ?????
?????????????Pathload???????????????????? 7???
???????????? 100???????????????????????????
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A.3 ??
??????????? 700????????????????????????????
?????????????????????
A.3 ??
??????????????? A.6????
? A.6 ??????????????
Pathload pathChirp NEPRI
?? ?????????????
??NEPRI ???????
?????????????
?????????
?????????????
?????????????
????????
?????????????
??????????
?? ?????????????
?????????????
??
????????????
?????????????
?????????????
??????
?????????????
????
Pathload??????????????????????????????????????
?????????????????pathChirp?????????????????????
???????????????????????????????????NEPRI?????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????
?????????????????Pathload?pathChirp?NEPRI????????????
????NEPRI????????????????
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????
? ???? ?
?????? RTT???????????????????????
2012? 1????????????????????????
???????????????????
